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Abstract
In the summer of2002, eighty-one students, faculty and staffofRIT took a survey that
was aimed at detennining the possible employees expectations about the risk compensation if
hired to work in space. Every mission in space entails a certain degree ofhealth damage; the
length of stay is directly related with more risk involved. The survey results help understand
rough estimations of risk acceptance ofthe future space labor force (cosmonauts and astronauts
not included).
Three sets of questions described the consequences of space missions (short, month-long
and long), where the extent ofhealth damage is directly dependent on the length ofthe trip. The
respondents had to choose the amount ofmaterial compensation, if theywere recruited. Some
demographic informationwas collected regarding the gender and age, which might help identify
the groups ofpeople most likely accept such job.
The findings ofthe research have verified that level ofperceived risk in space tourism
occupation is directly related to the expected level ofcompensation and inversely related to the
number ofpeople willing to risk their health for the anticipated remuneration. The amount of an
expected annual income, ifhired to work in space, increased three times higher when compared
to the expected earth annual income (US $164,056 and $50,546 respectively).
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Analysis of Space Employee RiskAcceptance
Chapter 1
Introduction
Some people think space tourism is a futuristic idea. However, the experiences ofDennis
Tito andMark Shuttleworth indicate that even non-specialists are able to travel into space. It
should be noted that space tourism might be more than conspicuous consumption on the part of
the rich. The experience ofShuttleworth demonstrates the trip may involve scientific work, and
have important educational, scientific consequences. Travel and tourism is already a
multibillion-dollar industry. Commercial space travel and tourism will likely be a similarly large
industry that may even surpass the current traditional travel and tourism industry. Estimates of
the size and demand of the emerging space tourism industry vary.
The first actual market research on space tourismwas conducted in Japan in 1993. The
results of this survey indicated that some seventy percent ofthe people under sixty years old and
more than eighty percent ofthose under fortywould like to travel to space at least once in their
lifetime. More than seventy percent said theywould pay three
months'
salary to do so (Collins et
al, 1995).
Abitzsch and Collins conducted further independent research about the popularity of
space trips in 1994-1995. The survey was carried out in Germany in 1994 (Abitzsch, 1995). It
was followed by a nationwide telephone survey of 1,020 people in Canada and the USA The
surveys verified that the idea of traveling in space was particularly popular (Abitzsch et al, 1996;
Collins et aL 1995).
In 1997, the US "National Leisure Travel
Monitor"
survey included questions about
space tourism for the first time. Of 1,500 Americans surveyed, forty-two percent said they would
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be interested in flying in a space cruise vehicle, and would be willing to spend an average of
$10,800 for the trip (http://www.spacefumre.corn/tourism/market.shtrnl).
Background
Humans have probablywondered what it would be like to travel beyond the confines of
their terrestrial world for millennia. Since ancient times they dreamt of flying. The dreams found
its reflection in various kinds of fairy tales in different cultures. Since the nineteenth century,
individuals have thought about the real possibility ofdefying gravity. The twentieth century
made it physically possible and created the first wave ofoptimism about rocketry designs for
space stations and moon-bases. By the end ofthe twentieth century mankind had made great
progress in space exploration - from launching a satellite, the first cosmonaut, the first man on
theMoon, the first man in open space, and then the first woman in space. The twenty-first
century has opened the era ofcommercial orbital space tourism. On April 28, 2001, the wealthy
Californian investorDennis Tito rode a Russian rocket to the International Space Station. The
price ofU.S. $20 million made him the first individual to pay for a ticket into space
(www.cnn.com/200 l/TECH/space/06/27/).
Other forms of space tourism have been with us for a good number ofyears. Terrestrial
space tourism has been underway for many years. Terrestrial space tourism probably beganwith
the movement ofastronomical observers to different locations to better observe certain
astronomic phenomena. Today, groups ofprofessional and amateur astronomers take organized
tours on cruise ships and by othermeans to favorable observing locations. Leisure travel to outer
space has been anticipated for some time as well (Goodrich 1987; Ashford 1990).
Further tourism is promoted at the Kennedy Space Center at Cape Canaveral. They host
large numbers ofvisitors each year and distribute a limited number of launch tickets to the
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general public interested in seeing a launch up close. NASA's Johnson Space Center in Houston
has also built a public facility to host significant numbers of terrestrial space tourists every year.
Similarly, the Smithsonian Air and SpaceMuseum inWashingtonDC. presents a large number
of space exploration aircraft and experiences to the public.
Russia also permits tourists to visit their Yuri Gagarin Cosmonaut Center at the
Zhukovsky Air Base at Star City, Russia. There, limited numbers ofpresumably wealthy tourists
can tour the facilities and experience elements ofthe training program, such as underwater zero
G simulations (Crouch, 2001).
The terrestrial space tourism market offers many opportunities to entrepreneurs. One
such company, Space Adventures Ltd. (www.spaceadventures.com) offers a variety of terrestrial
space tours. These include: the Russian Space Tour - a-nine-day tour including visits to the Yuri
Gagarin Cosmonaut Training Center andMission Control Center nearMoscow, and the
Baikonur Cosmodrome; Neutral Buoyancy Training facility-a simulated underwater experience
with former astronauts; Skywatcher's Inn
- a high-altitude, dark-sky location in Arizona. The
presence ofthis and other ventures indicates that the space tourism market offers enormous
future opportunities. However, there are many possible delays. The challenge is to recognize the
trends in the development of the industry and to assure the possible obstacles are considered.
Space tourism seems poised for growth over the next two to three decades. This growth
will create demand for the labor needed to support both terrestrial and space based tourism
services. The supply ofthis labor force will depend largely on people's perception of the
risk/reward tradeoff. Thus, labor supply and labor market dynamics present a potential time to
the growth of this exciting emerging industry.
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Purpose
The study considers three different space mission scenarios Each demonstrates the direct
connection between the length of stay and the effect on the health of a human being. The purpose
ofthe research is to identify the remuneration that future labor force would require for the risk
associated with the work in space depending on the length of stay.
Problem Statement
The labor supply for space is likely to be affected by the risk/reward tradeoffpeople are
willing to make. The nature ofthis tradeoff is the possible limit to the industry growth.
Hypothesis
The level ofperceived risk in space tourism occupation is directly related to the expected
level ofcompensation and inversely related to the number ofpeople willing to risk their health
for the anticipated remuneration.
Definitions ofTerms
Space tourists - Ordinarymembers of the public buying tickets to travel to space and
back.
Space employee - hospitality industry worker ofthe orbital space station.
Offer - Combination of services and products that allow the organization be consumer-
oriented and competitive in future.
Intangibles - invisible values that help becoming consumer-oriented.
Risk - the possibility of suffering harm, a factor involving the uncertain danger;
unavoidable effect on a human being's health that might have long-term implications.
Mission - a special assignment given to the cosmonauts or astronauts
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Short mission - mission lasting two weeks or less. During the short mission there may be
some minor discomfort and motion sickness, but the overall health will be unaffected.
Month-long mission - one month long. During the month-long mission there may be
some minor discomfort and motion sickness. In addition, a human body may undergo
some other changes: loss ofweight, decreased muscle mass, and less bone density are
unavoidable. The recovery comes within four weeks to six months after the trips.
Long mission - mission up to 6 months long. During the long mission there may be
some minor discomfort and motion sickness. In addition, you may lose up to 25% percent
ofyour muscle mass, a percentage ofyour bone density, and up to 25 pounds. It might
take up to six months to feel strong again and up to two years to fully recover
psychologically.
Psychological pressure - Ofnecessity, the crew quarters on a space habitat are very
crowded, as on a cruise ship, the only new faces the crew will see are those of the
passengers. Amenities and leisure areas will be limited. You might experience a sense of
claustrophobia, loneliness, and depression
Scope and Limitations
This study aims to show the dependence ofwillingness to work in space tourism industry
on the amount ofrisk involved. We consider only the unavoidable risk to health, no accidents are
taken into consideration.
The study does not intend to determine the relationship between the financial aspect and
level ofdevelopment ofthe industry. Neither do we intend to estimate the labor costs nor future
trip costs, as that would be the aim of the larger studies. This study researches only scenarios for
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orbital space tourism. It does not take into consideration the terrestrial, high-altitude or
suborbital kinds.
Students and some members of faculty and staffare the sample for the study. Students
have been chosen due to accessibility reasons and lack of financial resources.
Conclusion
The research deals with identifying the amount ofcompensation that future labor force
requires for the risk encountered during the space missions. The study first explores literature to
summarize what steps have been done in identifying interest ofpeople in space tourism, risk
evaluation, the reasons of interest in space employees.
The research is performed in the form ofthe survey. The cumulative Guttman scaling is
used as the survey instrument. Students ofRochester Institute ofTechnology are the study
sample. The focus for the scale is to measure
students'
perception ofworking in orbital space





The chapter explores the existing research in the field of the space tourism and
willingness of the people to spend money for a space trip, the results of the surveys conducted
across the countries, and the risk estimations used by some insurance companies. No formal
research on workers willingness to work in space, or health risk compensations.
Attention to the Space Tourism
The National Aeronautics and Space Administration and the Space Transportation
Association conducted a two-year cooperative Space Act agreement study to learn about the
status and potential of space tourism. Scores ofprofessionals and business people from various
areas have been involved in the study:
S Astronauts
S A hotel architect and a hotel operator
S Insurance underwriters
S Space sickness experts
S Space theme park designers
S Space and travel and tourism association
S Business executives, a space-related financier
S Space policy experts
S Present and former space-responsible government officials, space entrepreneurs, and
space writers.
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Their research determined that serious attention should be given to activities that would enable
the expansion of today's terrestrial space tourism businesses, and the development of in-space
travel and tourism businesses. According to the study the development of space tourism should
become a very important part of the US overall commercial and civil space business-program
structure (General Public Space Travel and Tourism - Volume 1 Executive Summary, 1998).
The study also made specific suggestions about the role ofthe Federal government,
particularly on reasons ofcooperation between the Departments ofCommerce and
Transportation, and theNational Aeronautics and Space Administration, and with private sector
aerospace and travel and tourism business interests. Cooperative actions can hasten the creation
of a sound and potentially very large space-related business. They could do so by supporting
both terrestrial and space tourism merchandising, by developing early and appropriately
beneficial vehicle, and hotel in space (1998).
The cooperation of the Space Administration and Space Transportation Association is a
very important source providing evidence that space tourism is an industry with a future. Further
and deep exploration, involving government agencies and science is needed.
Is There a Demand for the Space Tourism?
In April 1961, Yuri Gagarin became the first human to venture into Space. Like aviation
at the beginning of the twentieth century, space tourism today has started showing mankind new
frontiers. Exploration of space nowadays is not the privilege of astronauts only. The experience
ofboth Dennis Tito in April 2001 andMark Shuttleworth in 2002 is the evidence of this





Market research shows that there is demand for space travel. The first actual market
research was conducted in Japan in 1993. Three thousand-thirty (3030) people were surveyed
from across a large range of age groups. The results of this survey were positive. Seventy percent
(70%) of the people under sixty years old and more than eighty percent (80%) of those under
forty years old stated they would like to travel to space at least once in their lifetime. More than
seventy percent (70%) said they would pay three months salary to do so (Collins et al, 1995). In
addition, the study found the most popular activities: 1) "to look at Earth", 2) "space
walk"









About twenty percent indicated a preparedness to spend one-year's income on space
tourism and most interest was in a trip of several
days'
duration.
Collins (1996) undertook an additional telephone survey in Japan. Five hundred
respondentswere surveyed and seven ofthem indicated willingness to pay between 5,010,000
and 10,000,000 yen (approximately U.S.$40,000 to U.S.$80,000) for a two-day stay in orbit.
In September, 1995, theNational Aerospace Laboratory conducted a similar survey in
North America. Overall, sixty percent (60 %) ofthe people surveyed were interested in traveling
to space. Nevertheless, some groups denied interest in space travel. About one third were not
interested in the idea and five to ten percent found the idea unrealistic. "Roughly one third were
concerned primarily about safety, which emphasizes the overriding need for reliable space
transportation (Collins et al,
1995)."
A nationwide telephone survey of 1,020 people in Canada and USA followed the
Japanese study. The telephone questionnaire was modeled closely after questionnaire used in
Japan. These surveys found that the idea of space tourism is massively popular (Abitzsch et al,
1996; Collins et al, 1995).
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Yankelovich Partners together with Yesiawich, Pepperdine, and Brown continued the
research in 1996. They surveyed a sample of 1,500 US families and found that thirty-four
percent (34%) of respondents "would be interested in taking a two-week vacation in the Space
Shuttle in the future", and forty-two percent (42%) were interested in the concept of space travel
aboard a space cruise vessel offering accommodations and entertainment programs similar to an
ocean-going cruise ship. Answering the question "what would you be willing to pay per person
for such an
experience?"
seven and a halfpercent (7.5%) indicated $100,000 or more (Crouch,
2001).
According to the study, consumers worldwide spend in excess of$3 billion annually on
space related products and services. Over one billion people have seen popular
"space"
movies
and over twenty million people visit the Air and SpaceMuseum inWashington, DC every year.
A survey similar to the Japanese survey for the space tourism demandwas conducted by
Abitzsch (1996) in Germany. Forty-three percent (43%) ofGermans expressed an interest in
participating in space tourism. This is lower than Japanese (70%) and Americans/Canadians
(61%). In terms ofpreferred space tourism activities, desired travel duration, and readiness to
pay, the results were consistent with those produced in the other two studies.
The Collins (1995) survey was replicated in the United Kingdom by Barrett (1999). In
this study thirty-five percent (35%) ofthe respondents indicated an interest in taking a trip into
space if it became a reality. Twelve percent (12%) expressed readiness to pay one-year's salary
on such a tour.
Kelly Space & Technology, Inc (nd.) also assessed the market demand in US (Kelly
Space & Technology Inc, Space TransportationMarketDemand, 2010-2030, NRA8-27 Final
Report). Two thousand twenty-two representatives were surveyed. The estimate suggests an
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expectation ofprivate citizen demand for space travel growing to about 7000 suborbital and
1800
orbital travel passengers per year by 2030 respectively. However, there was no methodological
process reported, so the validity of the study is questionable.
The Future of the Industry
The success of the space tourism development depends largely on the extensive research
ofthe market (Crouch, 2001). The products, prices, competition and strategies adopted by
commercial space interests, guided by solid market research and resulting marketing strategies
will determine its shape, size, and growth.
The current public interest in space tourism and the determined efforts ofa number of
entrepreneurs, e.g. www.space.adventures.com, space transport technologists, and other active
proponents, e.g. the Rosaviakosmos (Russian Space Agency), the Japanese Rocket Society, and
the Space Travel and Tourism Division ofthe U.S. Space Transportation Association lend
credence to suggestions that it may be just years rather than decades away. On July 10, 2001,
Congressman Lampson introduced to the House ofRepresentatives a bill, the Space Tourism
Promotion Act of2001, "to promote the development ofthe United States space tourism
industry, and for other
purposes."
The bill primarily provides for loan guarantees and capital
gains exclusions. It also nominates the Department ofCommerce, and particularly the Office of
Space Commercialization, as the agency ofthe U.S. Federal Government primarily responsible
for encouraging the growth of space tourism (Crouch, 2001).
The development of space tourism is one of the most effective means of radically
reducing the cost of space transportation systems. It, thereby, will significantly facilitate a new
era of space exploration and science in which funding and investment is based on a thriving
commercial industry rather than being constrained by tightening government coffers
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(Commercial Space Transportation Study Alliance 1994). Dennis Tito's experience
demonstrated the interest ofpeople in extreme adventures. The U.S. $ 20 million trip "is not a
one-shot
deal,"
says Space.com editor Fred Abatemarco, "It sets a precedent. This is one small
step for Dennis Tito, (but it's) one giant leap for space
tourism"
(Sloan, 2001).
Why would we Need Space Employees?
When American multimillionaire Dennis Tito paid the Russian space program $20
million to travel to the International Space Station (ISS), he realized a lifelong dream. His
presence at the ISS enforced the professional
astronauts'
cautiousness and influenced their usual
work schedule. NASA contended that the presence ofan amateur at the ISS, who lacked the
extensive training that astronauts undergo, jeopardized the safety of the crew some two hundred
miles above the Earth. If an emergency, such as a fire or a structural failure, Tito probablywould
have been a burden-much like the wealthy amateur mountain climbers who climbMount Everest
and pray that their professional guides can get them back in case of a snowstorm (New York
Times, May 6, 2002).
It would be value-added for the professional astronauts and space agencies to have
specially trained hospitality representatives who would attend to the needs of the space tourists,
thus allowing the crew keep up with their schedule. The presence of space employees on ISS
would bring value to the tourists finding the service and welcomeness in the unknown
environment.
Risk
There is a certain degree of risk involved in space travel and the degree ofreal as well as
perceived risk will impact both the demand and supply side of the commercial space travel
market. We may be interested in the estimation of risk. Loss of life expectancy is another method
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used to express risk and is used by insurance companies among others (www.triumf.ca). Let's
consider the estimation of risk losing one's life while driving.
Assume you drive a total of30 kilometers to and from work each day and that it takes an




each year you do the journey 200 times andwork for 45 years, then the total risk during your
work lifewill be:
200 x 45 x 2 x
10"6
= 0.018
Assume that a fatal accident occurs at 40 years ofage to an individual and that it results in 30
years of life lost to the individual. Then, the loss of life expectancy is defined as the product of
lifetime risk and total number of lost days:
30 x 365 x 0.018 days 179 days
It should be realised that the 179 days is an average to represent all the people who drive for one
hour each day for 200 days in Vancouver. An individual will either lose no days at all or 30
years. This is a stochastic effect (this ofcourse ignores the individual driving habits ofmembers
of the group).
This scale of risk estimation gives ground for speculating on the risk estimation for the
perspective employees in space tourism industry. The perception ofthe risk is important as it
direclty influences the willingness ofpeople to work in space.
Risk precedes, accompanies and follows our every step. But with the onset ofmodem
statistics came the actuary, whose job it was to determine the probabilities of risk's occurrence.
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Chance ofbeing struck by lightening, the risks we face in an every-day life, once quantified, help
estimate life insurance premiums.
Conclusion
The studies have been made in different countries that aimed at evaluating people's
willingness to become space tourists and their desire to pay for that. However, there is need in
evaluating ifpeople want to work in space. The willingness to work in space might be
overridden with the risk involved in that kind ofjob. Our research aims at calculating the amount




The study aims to identify the amount ofcompensation possible space workers will
request for the risk associated with any space mission. The chapter discloses the purpose of the
study, the way research has been done, and the sample pecuharities. It covers the limitations
encountered while conducting the data collection, and gives a quick overview ofthe research
analysis.
Purpose
The study considers three different space mission scenarios Each demonstrates the direct
connection between the length of stay and the effect on the health ofa human being. The purpose
of the research is to identify the remuneration that future labor force would require for the risk
associated with thework in space depending on the length of stay.
The Design of the Investigation
The study is an exploratory investigation into the remuneration required to staffa future
tourist trip to outer space. Specifically, the goal ofthe study is to identify the risk premium that
would be required to induce future space workers into space based employment. Hypothetical
scenarios were developed and presented, via an intercept survey, to students and faculty at
Rochester Institute ofTechnology.
Trained astronauts are already committed to space work and its inherent risk. In the more
distant time, newworkers not yet at the workforce will replace them. For that reason college
students were chosen as a sample. Due to the exploratory nature of the research, it was deemed
necessary to draw a strictly representative sample.
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Amodified version of a cumulative Guttman scale was used as the basis for the survey
instrument. The focus for the scale was to measure
students'
perception ofworking in orbital
space industry under different levels ofrisk involved, and to capture the risk premium required to
accept this risk. The Guttman scale will help us establish a one-dimensional continuum for the
concept that we measure.
Survey Instrument Development
The survey instrument presented four scenarios associated with space missions. Each
demonstrates the direct connection between the length of stay and the effect on the health of a
human being. The purpose ofthe research is to identify the remuneration that future labor force
would require for the risk associated with the work in space depending on the length of stay.
Three of the scenarios directly address the dependence of length of stay on the health ofa
human being. Thus, each scenario is both longer and progressively more risky. The fourth
scenario deals with the psychological pressure present in space stations independent on the
length of stay.
The scenarios were developed in conjunctionwith both faculty and industry experts in
the field of space tourism. The hypothetical scenario approach to measuring willingness to accept
compensation for certain levels of environmental risk is well tested and more commonly known
as contingent valuation (RandalL Alan, 1987). The contingent valuationmethodology has been
developed to study the values people place on non-market goods and services. The most
common application has been the valuation ofnatural resource and environmental goods and
services. The method has also been applied to the study ofenvironmental risk reduction policies
such as those that reduce deaths from air pollution or those designed to reduce occupational risk
(Freeman, 1994). There is no known research application of contingent valuation to the study of
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a hypothetical labor markets. However, the basic principle ofusing survey methods to determine
the willingness to pay for a given marginal improvement in the environment, or the willingness
to accept payment for amarginal degradation of the environment, is the foundation of the survey
instrument used in this study.
Each scenario presented the respondent with hypothetical trip conditions that were
progressively longer and with increased health risks. The three scenarios were:
1) ShortMission Scenario. Assume that you have been approached to work in
space. The missions you will be assigned will be short in duration lasting
two weeks or less. On average, you will likely make 6-8 trips per year into
space. In the process of the missions there may be some minor discomfort and
motion sickness, but your overall health will be unaffected. Given these
conditions, howmuch would you expect to be compensated to work as a
commercial astronaut?
2) Month Long Scenario. Assume that you have been approached to work in
space. The missions you will be assigned will be approximately one month
long. On average, you will likely make 3-6 trips per year into space. In the
process of the missions there may be some minor discomfort and motion
sickness. In addition, your bodymay undergo some other changes: loss of
weight, decreased muscle mass and bone density are unavoidable. You should
recover within four weeks to six months after the trips. Given these conditions,
how much would you expect to be compensated to work as a commercial
astronaut?
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3) LongMission Scenario (6+ months). Assume that you have been approached
to work in space. The missions you will be assigned will be approximately up
to 6 months long. On average, you will likely make 1-2 trips per year into
space. In the process ofthe missions there may be some minor discomfort and
motion sickness. In addition, you may lose up to 25% percent ofyour muscle
mass, a percentage ofyour bone density, and up to 25 pounds. It might take up
to six months to feel strong again and up to two years to fully recover
psychologically. Given these conditions, how much would you expect to be
compensated to work as a commercial astronaut?
Each scenario described very specific health risks associated with each hypothetical trip.
These health risks are not the only risks or discomfort likely to be associated with extended space
travel. However, these are the risks that have been documented to date and a generally
recognized by scientists studying the physiology of astronauts (National Geographic, 2000).
In addition to the physical health risks, there will likely be a substantive psychological
discomfort associated with space travel. Thus, a fourth scenario was developed to specifically
capture the wage premium required to endure this psychological discomfort. The scenario was
stated in the following way:
Psychological Stress Scenario. Ofnecessity, the crew quarters on a space habitat
will probably be very crowded: as on a cruise ship, the only new faces the crew
will see are those of the passengers. Amenities and leisure areas will be limited.
You might experience a sense ofclaustrophobia, loneliness, and depression.
Under such conditions I would work in space for:
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The response format for the scenarios referenced the income each person expected to
make upon their graduation with a Bachelors ofScience degree. The expected income upon
graduation was established in Question #4 on the survey instrument. The expected income is
assumed to be the
"earthly"
income the respondent would expect to make. The response format
for each scenario referenced a multiple of this earthly income to establish the expected space
income for each respondent. The response format for all four scenarios was:
I would never work in space, no matter what the salary.
For a salary 5 times what I might earn on Earth.
For a salary 3 times what I might earn on Earth.
For a salary 2 times what I might earn on Earth.
For the same amount as what I might earn on Earth.
For a salary 3/4 ofwhat I might earn on Earth.
For a salary ofwhat I might earn on Earth.
Respondent biographical data was also captured on the survey instrument. Gender
differences were ofparticular interest since it was assumed that men and women would have
different perceptions ofthe risk/reward tradeoff associated with commercial space travel. The
survey included other general demographic questions in order to collect age at the moment of




The survey was conducted in summer 2002. The survey was administered via an intercept
approach where respondents were asked the questions and an interviewer recorded the responses.
This was made possible thanks to the RIT instructors who kindly allowed borrowing some of
their
classes'
time for conducting the survey. There were eighty-one final respondents.
Limitations and Bias
The study sample does not cover all the variety ofthe responses that could be gathered if
the larger sample were involved. It is also limited due to accessibility and lack of financial
resources. However, there is an awareness of the bias in terms ofthe representative group.
Limited programs and colleges were involved in the survey; the survey took place during the
summer season, which influenced the results as well.
The variables in this study are the sex, age, and anticipated income. It is important to
mention that the study dealswith the hypothetical instances only; and does not take into
consideration the real market (economic) situation. The dependent variables in the study are the
gender ofa respondent and the desire to work in space. The independent variables are the
amount of compensation for the risk encountered during the mission; age ofthe respondents.
This study limits the research and building the scenarios for orbital space tourism; in
particular the rough estimation of the annual income a person would expect to work in space for,
It does not take into consideration the terrestrial, high-altitude or suborbital kinds. We do not aim
to estimate the cost of future trips to space. The probability of an accident is not considered. The
research deals with the psychological pressure and the natural health risk involved in missions





Future labor supply for space is likely to be affected by the risk/reward tradeoffpeople
are willing to make. The nature of this tradeoff is a possible limit to the growth of the industry.
The preliminary estimations of space worker compensation presented in this study will be a
contribution to the development of the space tourism industry.
Three of the hypothetical scenarios describe the effects on a health of a human being,
while being in space. The length of stay in space is directly related to the seriousness of the
health effects. The fourth scenario addressed the psychological pressure associated with any
mission, thus identification ofthe
respondents'
readiness to overcome it for the certain amount of
money could be considered a "psychological stress
premium."
The goal ofeach ofthe scenarios
was to identify the average amount of compensation that would be required for a person to work
in space under each of the hypothetical conditions. The difference between the average expected
earthly income and the average expected space income is treated as the estimated risk premium
associated with each hypothetical trip. These calculations are the basis formost of the analysis
presented in this chapter.
Gender
The total number ofpeople participated in the survey was eight-one; forty-four males and
thirty-seven females (See Table 1). As we will see later in this chapter, the responses on
willingness to go space depend on the gender of the respondent.
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Out ofeighty-one respondents, forty were majoring in Hospitality-Hotel Management;
twentywere in majoring in some type of engineering or engineering technology,, and twenty-one
were from various other departments.
Tab e 1 Male-female participation
Gender






The age of the respondents ranged from between eighteen to over thirty-nine. Twenty-
six people were in the "eighteen to
twenty-one"
age group. The largest group consisted of
thirty-
two people who were between twenty-two to twenty-five years ofage. Eleven people fell into the
"twenty-six to
twenty-nine"
age group; five people fell into the "thirty to
thirty-eight"
age group,
and seven people fell into the "over
thirty-nine"
age group (See Table 2).




N % N % N %
18-21 26 32.1 14 31.8 12 32.4
22-25 32 39.5 23 62.3 9 24.3
26-29 11 13.6 3 6.8 8 21.6
30-33 3 3.7 1 2.3 2 5.4
34-38 2 2.5 0 0 2 5.4
39-more 7 8.6 3 6.8 4 10.8
Total 81 100 44 100 37 100
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Among males, the distribution ofages was the following: fourteen people were between
age eighteen and twenty-one; a majority (twenty-three) was "twenty-two to twenty-five"; three
persons were in the age group between "twenty-six to
twenty-nine"
as well as in the "older than
thirty-nine"
age group.
In the female group, the distribution of ages was: twelve people fell into the "eighteen to
twenty-one"
group; nine were "twenty-two to twenty-five"; eight persons were in the age group
of"twenty-six to twenty-nine"; two individuals were of age between "thirty to
thirty-three"
and
"thirty four to thirty-eight"; six were in group over thirty-nine.
AgeWhenWilling toWork in Space
Respondents were asked to consider the age range that would be appropriate for someone
to work in space. The majority of respondents believed that they should be at least 26 years of
age. The distribution ofthe age groups when considering the age to work in space (ifhired) was
dominant in groups of twenty-two to twenty-five and twenty-six to twenty-nine (twenty-one and
twenty-five people respectively). An insignificant number ofpeople thought the age ofeighteen
to twenty one possible for working in space tourism industry (two persons). Eleven people were
willing to consider the opportunity when they were thirty-nine or older. Ten people from the
sample would never choose space tourism industry as their career path (See Table 3).





N % N % N %
18-21 2 2.5 2 4.5 0
22-25 21 25.9 13 29.5 7 18.9
26-29 25 30.9 16 34.1 11 29.7
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30-33 9 11.1 4 9.1 5 13.5
34-38 3 3.7 1 2.3 2 5.4
39-more 11 13.6 8 18.2 3 8.1
Not an option 10 12.3 1 2.3 9 24.3
Total 81 100 44 100 37 100
Males when considering what age they might work in space formed seven groups. Two
people would work in space between age from eighteen to twenty-one; the majority selected ages
twenty-two to twenty-five and twenty-six to twenty-nine (thirteen and fifteen people
respectively); another big group ofpeople (eight) considered age ofthirty-nine and older. Four
people might agree to work in space at the age of thirty to thirty-three. One person chose the age
between thirty-four and tbirty-eight. One individual didn't consider a job in space as an option.
In the female group seven persons would be willing to work in space between age from
twenty-two to twenty-five; eleven believed that the appropriate age would be between
twenty-six
to twenty-nine. Two persons might agree to work in space at the age of thirty to thirty-three.
Three persons selected age between thirty-four and thirty-eight. Nine of the female respondents
didn't consider a job in space as an option.
Income
In order to calculate how much tangible compensation people willing to work in space
would consider appropriate we asked the question about the anticipated income upon graduation.
This question does not reflect the real economic situation. All numbers are hypothetical what
allows us to do certain assumptions.
The lowest sum ofmoney that an individual from the sample anticipates is twenty-five
thousand dollars. The highest number anticipated was ninety-three thousand dollars. The average
number for most people was forty-eight thousand (in the interval between thirty-eight to sixty
thousand dollars) (See Figure 1).
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Figure 1 Frequency distribution of the anticipated income
Std. Dev=16588 .08
Mean = 50545.7
N = 81 .00
%% % % % % %u% %%%%% % %.
Anticipated income
ShortMission
Short mission presumes working at the space station up to two weeks with minor effects
on the health. On this condition thirteen people agreed to work in space for two weeks ifthey got
paid five times of the salary they might earn on earth. The same number ofpeople would work in
space if they got paid three times earth salary. Twenty-four people from the sample agreed to
work in space if they got paid twice as much as they might do on earth. Eleven individuals would
work in space for the same amount ofmoney they plan to get here. Three persons would go to
the short mission for three quarters ofearth income. Seventeen people refused to work in space
under any conditions. Sixty-four people would work in space for a short mission (See Table 4).
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Table 4 Frequency distribution of the amount of income expected for the short (up to
two weeks) mission.
Compensation for the amount of risk
associated with the short staying in space
Number ofpeople
Total Male Female
N % N % N %
5 times income would cover my risk 13 16 6 13.6 7 18.9
3 times income would cover my risk 13 16 10 22.7 2 5.4
2 times income would covermy risk 24 29.6 13 29.5 11 29.7
The equal income would covermy risk 11 13.6 9 20.5 3 8.1
3A times income would cover my risk 3 3.7
- - 3 8.1
10 times income would cover my risk
- - - - -
Work in space is not an option for me 17 21 6 13.6 11 29.7
Total willing to go to space 64 79 38 86.3 26 70.2
Total 81 100 44 100 37 100
The answers in the male group were distributed in the following way: six people would
go for the five times earth income; ten individualswould go to space for three times earth
income; thirteen people would accept the position in space for two times earth income; six males
would agree to work in space under no compensation. On the total thirty-eight respondents
would be willing to work in space for a short mission.
The majority ofthe female group decided that space is not an option for them (eleven
people); eleven females agreed to consider the opportunity to work in space for two times
average income. The next cell in the group- seven individuals- would go to space for short
mission for five times average income. Two persons found that three times their income would
be enough to compensate theirwork in space; three persons would go for the same income that
theymight do on earth and threewould go even for the less amount (three quarters ofthe
income). In total twenty-six out of thirty-seven females would work in space for a short mission.
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Month-longMission
Month-long mission is working in space up to four weeks during which the health of a
human being may undergo more changes compared to the short mission. For a month long
mission thirty persons agreed to work in space for a five times ofan average earth income. Ten
people would consider the opportunity to work in space if they got three times more money than
they could do on a regular job. Fourteen peoplewould work in space for amonth-long mission if
theywere paid two times more than an average salary. Six individuals would work in space for
the same amount ofmoney as they were getting on earth. One person agreed to work in space for
a month ifhe got the three quarters ofearth income. Five people consider worth-while working
on space ifthey were given the salary they suggested (ten times more). Fifteen people would
never consider working in space as an option. In total sixty-six people of the sample would be
willing to work in space for a month (See Table 5).
Table 5 Frequency distribution ofthe amount of income expected for the month-long
mission.
Compensation for the amount of risk




N % N % N %
5 times income would cover my risk 30 37 22 50 8 21.6
3 times income would covermy risk 10 12.3 6 13.6 4 10.8
2 times incomewould covermy risk 14 17.3 8 18.2 6 16.2
The equal incomewould covermy risk 6 7.4 3 6.8 3 8.1
% times income would covermy risk 1 1.2
- - 1 2.7
10 times income would cover my risk 5 6.2 2 4.5 3 8.1
Work in space is not an option forme 15 18.5 3 6.8 12 32.4
Total willing to go to space 66 81 41 93 25 67.6
Total 81 100 44 100 37 100
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For a month-long mission in the male group twenty-two individuals agreed to work in
space for a five times of an average earth income. Six people would consider the opportunity to
work in space ifthey got three times more than their average salary. Eighteen percent would
work in space for a month-long mission ifthey were paid two times more than an average salary.
Three individualswould work in space for the same amount ofmoney as they were getting on
earth. Two people consider worth-while working on space if theywere given the salary they
suggested (ten times more). Three people would never consider working in space as an option.
Forty-one out of forty-four males would work in space for a month.
Majority of the female group (thirty-two percent) considerwork in space is not an option
for them. Twenty-one percent would go to space for the month-long mission for five times
average income. Sixteen percent of the group would go for the twice as much money as they
might earn on earth; eleven percent would go for three times average income. Eight percent
would consider opportunity to work in space for a month ifthey were compensated with the
same amount ofmoney; one person would go even for three quarters of the regular salary. Eight
percent ofthe group considered ten times average income enough to compensate for the risk
during the month-long mission. Sixty-eight percent ofthe female group would work in space for
a month.
LongMission
Long mission presumes staying in space for a period up to six months, what increases the
risk. Twenty-nine persons agreed to work in space for a five times of an average earth income.
Five people from the sample would consider the opportunity to work in space for sixmonths if
they got three times more money than they could do on a regular job. Six people would work in
space for long mission if they were paid two times more than an average salary. Eight
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individuals would work in space for the same amount ofmoney as they were getting on earth. No
one agreed to work in space for six months ifhe got the three quarters of the earth's income or
the same amount. Thirty-three peoplewould never agree to work in space under any condition.
Forty-eight people of the sample (out ofeighty-one) would work in space for a long mission (See
Table 6).
Table 6 Frequency distribution of the amount of income expected for the long (up to
sixmonths) work in space.
Compensation for the amount ofrisk
associated with the long stay in space
Number ofpeople
Total Male Female
N % N % N %
5 times income would cover my risk 29 35.8 18 40.9 10 27
3 times income would cover my risk 5 6 5 11.4
- -
2 times income would cover my risk 6 7.4 4 9.1 2 5.4
The equal income would covermy risk 8 9.9 7 15.9 1 2.7
% times income would cover my risk
- - - -
10 times income would cover my risk
- - - - - -
Work in space is not an option for me 33 40 10 22.7 24 64.9
Total willing to go to space 48 59 34 77 13 35
Total 81 100 44 100 37 100
For a long mission forty percent ofmales agreed to work in space for a five times of an
average earth income. Eleven percent of the male group would consider the opportunity to work
in space for sixmonths ifthey got three times more money than they could do on a regular job.
Nine percent would work in space for long mission ifthey were paid two times more than an
average salary. Sixteen percent would work in space for the same amount ofmoney as they were
getting on earth. Twenty two percent would never agree towork in space under any condition.
Seventy-seven percent of the male group would work in space for a long mission.
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The majority of the female group decided that space was not an option for them (sixty
five percent); twenty-seven percent agreed to consider the opportunity to work in space for five
times average income. Five percent would go to space for six months and longer for two times
average income. Two percent found that the same amount ofearth income would be fair to
compensate the risk. Thirty-five percent of the female group would work in space for a long
mission.
Psychological Pressure
The psychological pressure is present in every mission. Twenty-four (twenty-nine
percent) people agreed to work in space for five times their salary even ifthey experienced
psychological pressure. Fourteen percent of the sample said theywould accept the space job
offer if they got paid three times their salary. Nine percent would go to space for the salary twice
as much no matterwhat the health affect might be. Two percent chose to go to space for the
same amount ofmoney as theymight earn on earth. Four percent would take the adventure of
working in space for three quarters of the average salary. Thirty-nine percent refused to go to
space under the conditions ofthe psychological affects. Being aware ofthis condition forty-nine
people would work in space (See Table 7).
Table 7 Frequency distribution of the amount of income expected for the
psychological factor associated with any space-mission.
Compensation for the amount of risk
associated with the short staying in space
Number ofpeople
Total Male Female
N % N % N %
5 times income would cover my risk 24 29 18 40.9 6 16.2
3 times income would cover my risk 12 15 7 15.9 5 13.5
2 times income would cover my risk 8 9.9 7 15.9 1 2.7
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The equal income would cover my risk 2 2.5 2 4.5
- -
% times income would cover my risk 3 3.7 3 6.8
- -
10 times income would cover my risk
- - - - -
-
Work in space is not an option for me 32 39 7 15.9 25 67.6
Total willing to go to space 49 60.5 37 84 12 32.4
Total 81 100 44 100 37 100
Consideration ofpsychological pressure when working in space for any period oftime
influenced the answers in the male group to be distributed in the following way: forty percent
would work in space for a five times of an average earth income. Sixteen percent ofthe male
group would consider the opportunity to work in space ifthey got three times more money than
they could do on a regular job and the same sixteen percent would be fairly compensatedwith
two times average income. Four percent would work in space for the same amount ofmoney as
theywere getting on earth. Seven percent of the male group indicated theywouldwork for three
quarters of the average salary. Sixteen percent would never agree towork in space under any
condition.
The majority of the female group
- sixty-seven percent - would not go to space being
aware of the psychological difficulties. Sixteen percent agreed to consider the option towork in
space for the five times average income. Thirteen percent of females would go to space for two
times average income. Two percent of females found that the same amount of incomewould be
fair to compensate the risk.
Expected Income forWork in Space
Sixty-four people agreed to work for the short mission (up to two weeks). The expected
average income is a hundred and two thousand six hundred fifty-six dollars ($102,656) annually
(compared to the average of fifty and a half thousand dollars expected to earn upon
graduation
for the work on earth) (See Table 8).
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Sixty-six people agreed to work for the month-long mission. The expected annual
average income is a hundred sixty-four thousand and fifty-six dollars ($164,056) (compared to
the average of fifty and a half thousand dollars expected to earn upon graduation for the work on
earth).
Forty-eight people agreed to work for the long mission (up to six months). The expected
annual average income is a hundred seventeen thousand, a hundred and forty-three dollars
($1 1 7, 143) (compared to the average of fifty and a half thousand dollars expected to earn upon
graduation for the work on earth).
The difference inmedian between the annual expected income ifworking on earth and
the one ifhired to work in space three times for the month-long mission, two times for the short
mission and one point four for the long mission.













Short mission $ 50546 48400 25000 93000 102656 86500 0 400000
Month-long $ 50546 48400 25000 93000 164056 147500 0 700000
Long mission $ 50546 48000 25000 93000 117143 67000 0 465000
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General Comments
There are some job descriptions of space workers, for example, astronauts, cosmonauts.
We asked to describe possible positions applicants would consider if they hired to work in space.
Among suggested positions there were service attendants, space ship host, astronauts assistants.
Among the reasons ofdeclining the possibility to work in space were uncertainty of the
situation; unwillingness to experience the psychological pressure and others like "maybe we are





Space tourism is the industry with the future. We have witnessed the first two space
tourists'
visits to the ISS. The scientific researches across the countries (Japan, Canada, USA)
have found out that ordinary people are willing to spend up to three months salary for traveling
in space. Idea of space tourism is extremely popular across countries. However, the existing
researches concentrate mostly on willingness of ordinary people to become space tourists.
The growth of the space tourism will create demand for the labor needed to support
space- based tourism services as leisure-time spending. The supply ofthis labor force will
depend largely on people's perception of the risk/remuneration tradeoff. Thus, labor supply and
labor market dynamics present a challenge to the growth ofthe industry. The goal ofthe study
was to identify if the level ofperceived risk in space tourism occupation is directly related to the
expected level of compensation and inversely related to the number ofpeople willing to risk their
health for the anticipated remuneration.
The findings of the study show that men are more willing to risk their health for the short,
month-long or a long mission. There have been several enthusiasts to undergo fear of future
health implications for the same amount ofmoney as they might earn on earth ifhired to work in
space. Women are more willing to trade-off their health for the ten times annual
income. Both
females and males have decided that five times average annual income would cover the risk of
harmful effects on health.
One more significant aspect is that the number ofpeople willing to work in space is the
largest for the month-long mission. It decreases drastically for the long (up to six moths) mission
(from eighty-one to fifty-nine percent).
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The psychological pressure associated with any mission significantly affected the female
part of the sample from choosing the option ofworking in space. However, in the male group
couple of representatives would have agreed to work in space for three quarters of the average
annual income (approximately eighty six thousand dollars).
The amount of anticipated
"space"
annual income boosted three times compared to the
earth annual income. The long mission attracted less volunteers to work in space and accordingly
the average annual income was less than that associated with the month-long mission.
We are aware that with the larger populationwe might have achieved different results.
The objective ofthe study was to prove that even the risk ofmajor effects on a human beings
health might be overcome with the proper reward. The sample ofthe study was limited to the
college students, whichmight have biased the results.
Our recommendation is to start research on the values of the space tourism industry
employment force in the nearest couple ofyears. The satisfaction with the trip itselfto space
soon will become a commodity, and people will start demanding more comfort for the amount
money they are paying.
The current research concentrated strictly on the tangible values (that is income) that
would satisfy employees. However, some respondents have concentrated less
on the annual
income, and selecting less annual income number they had some valuable substitute that
motivated them to wish to work in space. Discovering intangible values and at the same time
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Appendix 1
Working in Space: A Risk/Remuneration Questionnaire
This questionnaire is designed to discover ifyouwould considerworking in space, even though it
might be hazardous and uncomfortable. There are brief descriptions of the risk and length of stay and
compensation for the risk. Place a check every statement that applies. Thank you verymuch for taking
time to fill it!
Please teU us a few things about yourself: (circle the answer that applies)
1. Your gender: Male Female
2. Age (current):
18-21 22-25 26-29 30-33 34-38 39 or older
3. What is yourmajor?
4. Assume that you have graduated from college. What do you anticipate your annual
income to be upon graduation?
5. There are some job descriptions of spaceworkers, for example, astronauts,
cosmonauts. What sort of job do you think youmight be doing at a space station or
space habitation housing tourists?
6. Agewhen you consider youmight be willing towork in space:
18-21 22-25 26-29 30-33 34-38 39 or older none
7. ShortMission. (Two weeks or less)
Assume thatyou have been approached towork in space. Themissionsyou will be assignedwill be
short in duration lasting two weeks or less. On average, you will likelymake 6-8 tripsperyear into
space. In theprocess ofthemissions theremay be someminor discomfort andmotion sickness, but
your overall health will be unaffected. Given these conditions, how much wouldyou expect to be
compensated to work as a commercial astronaut:
1 . I would neverwork in space, no matterwhat the salary. [El
2. For a salary 5 times what I might earn on Earth. HI
3. For a salary 3 times what Imight earn on Earth.
[El
4. For a salary 2 times what Imight earn on Earth.
(El
5. For the same amount as what Imight earn on Earth. IE1
6. For a salary 3/4 ofwhat Imight earn on Earth.
1E1
7. For a salary ofwhat Imight earn on Earth.
IE!
8. Work in space isworth this risk for life or health. [El
8. Month-long Mission.
Assume thatyou have been approached to work in space. Themissionsyou will be assignedwill be
approximately one month long. On average, you will likelymake 3-6 tripsperyear into space. In the
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process ofthemissions theremay be someminor discomfort andmotion sickness In addition, your
body may undergo some other changes: loss ofweight, decreasedmuscle mass and bone density are
unavoidable. You should recover withinfour weeks to six months after the trips Given these
conditions, howmuch wouldyou expect to be compensated to work as a commercial astronaut:
1 . I would neverwork in space, no matter what the salary. IEI
2. For a salary 5 times what I might earn on Earth. [El
3. For a salary 3 times what Imight earn on Earth. IEI
4. For a salary 2 times what Imight earn on Earth. [El
5. For the same amount as what Imight earn on Earth. IEI
6. For a salary 3/4 of what Imight earn on Earth. HI
7. For a salary of what Imight earn on Earth. IEI
8. Work in space is worth this risk for life or health. [El
9. LongMissions (over six months)
Assume that you have been approached to work in space. Themissions you will be assigned
will be approximately up to 6months long. On average, you will likelymake 1-2 trips per year
into space. In the process of themissions theremay be someminor discomfort andmotion
sickness. In addition, youmay lose up to 25% percent ofyourmusclemass, a percentage ofyour
bone density, and up to 25 pounds. Itmight take up to sixmonths tofeel strong again and up to
two years tofully recoverpsychologically. Given these conditions, howmuch wouldyou expect
to be compensated to work as a commercial astronaut:
*
1 . I would never work in space, no matter what the salary. IEI
2. For a salary 5 times what I might earn on Earth. IEI
3. For a salary 3 times what Imight earn on Earth. IEI
4. For a salary 2 times what Imight earn on Earth. IEI
5. For the same amount aswhat Imight earn on Earth. HI
6. For a salary 3/4 ofwhat Imight earn on Earth. IEI
7. For a salary of what Imight earn on Earth.
[El
8. Work in space is worth this risk for life or health. HI
10. AnyMission
Ofnecessity, the crew quarters on a space habitat willprobably be very crowded: as on a cruise ship,
the only newfaces the crew will see are those ofthe
passengers Amenities and leisure areas will be
limited. You might experience a sense ofclaustrophobia, loneliness, and depression. Under such
conditions Iwould work in spacefor:
1 . I would neverwork in space, no matterwhat the salary. IEI
2. For a salary 5 times what I might earn on Earth.
[El
3. For a salary 3 times what Imight earn on Earth.
IEI
4. For a salary 2 times what Imight earn on Earth.
IE)
5. For the same amount aswhat Imight earn on Earth. HI
6. For a salary 3/4 of what Imight earn on Earth.
[El
7. For a salary of what Imight earn on
Earth. HI
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8. Work in space is worth this risk for life or health. HI
General comments:
Thank you verymuchfor your input!
